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"TRANSFORMATION" of mammalian
cells in culture by carcinogenic hydro-
carbons has been reported in a number
of assay systems employing different cell
lines, culture techniques and assessments
of transformation (Berwald and Sachs,
1965; Heidelberger and Iype, 1967; Di-
Paolo and Donovan, 1967; Chen and
Heidelberger, 1969). Almost all the
chemical carcinogens tested had cyto-
toxic as well as transforming effects on
cells in vitro. In such experiments, the
transformation rate and survival curves
were plotted independently against the
concentrations of the carcinogen used.
This made it difficult to compare the
transformation rate at equitoxic levels of
different carcinogens. We have over-
come this problem by plotting the trans-
formation rate against the relative plating
efficiency of the carcinogen-treated cells.
To compare the alternative way of
TABLE I.-Transformation and Cytotoxicity Produced in Syrian Hamster Embryo Cells
by 9,10-dimethyl-1,2-benzanthracene
Experi-
ment
I
pH of
culture
medium
7-4
Concentration
of DMBA
(4g/ml)
0
0-1
0 5
II 7-4 0
0 025
0 050
0-100
0 200
0 400
0 800
III 7-8T
IV 7.8t
0
0-1
0-2
0
0-1
0-2
+ The cells were maintained at pH 7- 8 for 24 hours before the addition ofDMBA. Carcinogen treatment
and further cultivation were carried out at pH 7- 4.
t The cells were maintained at pH 7- 8 only during the carcinogen treatment.
* Permanent address: Tissue Culture Laboratory, Yokohama City University, Urafunecho, Minamiku,
Yokohama, Japan.
No. of
dishes
5
5
5
30
15
15
15
17
18
18
15
17
15
15
12
15
Total no.
of colonies
147
87
47
1271
513
498
358
359
309
287
559
443
338
457
251
298
Plating
efficiency
5-9 (100)
3 5 (59)
1 9 (32)
8 5 (100)
6 8 (80)
6 6 (78)
4 8 (56)
4 2 (49)
3 4 (40)
3 2 (38)
7-5 (100)
5 2 ( 69)
4-5 (60)
6 1 (100)
4- 2 (69)
4 0 (66)
No. of
transformed
colonies
2
5
4
0
4
8
10
16
10
9
4
12
11
0
2
7
Transforma-
tion rate
1-4
5.7
8-5
0
0-8
1 6
2-8
4-5
3 2
3 1
0 7
2 7
3-3
0
0-8
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presenting the results we have used data
from our own studies of the effects of pH
variations of the culture medium.
Syrian hamster embryo secondary
cells were plated (500 cells/60 mm Falcon
plastic petri dish) over lethally x-irradi-
ated rat embryo feeder cells (5000 rad;
5 x 104 cells/dish) as described by Di-
Paolo, Donovan and Nelson (1969). The
cells were maintained in Eagle's Minimum
Essential Medium (Eagle, 1959) with
Earle's salts and supplemented with 10 00
foetal bovine serum. The dishes were
kept in humidity cabinets with gas
phases of either 2-5 % or 5 % carbon
dioxide in air at 370C. These gas
10(
a)
1.0
a)
0
EE f
0
C,)
C:
0 01 02 03 04 055 0-8
DMBA (j 1/mI)
Fi.e. I. Transformation rate and relative plating efficiency of Syrian hamster embryo cells plotted
against the concentration of DMBA.
O Experiment I Open symbols are for transformation rate and closed symbols for relative 0 Experiment II I
* Experiment III r plating efficiency of cells. Broken lines are for experiments performed
V Experiment IV J at pH 7-8 (see Table I).
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phases produced pH values of 7-8 and 7 4
respectively in the culture medium. After
24 hours of the initial plating, 1 ml
nmedium containing the carcinogen 9,10-
dimethyl-1,2-benzanthracene (DMBA)
was added and the cells incubated in this
medium for 2 days. During the DMBA
treatment the cultures were maintained
in the dark. Following this fresh medium
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relative plating efficiency
FIG. 2. Transformation rate induced by DAIBA
plotted against the relative plating efficiency of
Syrian hamster embryo cells. Symbols are the
same as in Fig. 1. See text for the derivation of
"t ine.
was added (without DMBA) and was
changed every 3 days. Seven to 8 days
after the carcinogen treatment, the cells
were fixed in methanol and stained with
Giemsa. The scoring oftransformed colo-
nies was performed blind on coded
dishes using a stereomicroscope at a
magnification of 15. Suspected trans-
formed colonies were examined further
under higher magnification using a Zeiss
inverted microscope for detailed observa-
tion of the periphery of the colonies. If
they contained randomly oriented cells
(DiPaolo et al., 1969) the colonies were
regarded as transformed.
There was no evidence of any increase
in either the plating efficiency or the
transformation rate between cells cultured
at pH 7-4 and pH 7-8 (Table I). The
data from Table I can be plotted in two
different ways (Fig. 1 and 2). The
conventional way of expressing trans-
formation rate and cytotoxicity based
on the concentration of carcinogen is
employed in Fig. 1. In Fig. 2 trans-
formation rate is plotted against the
relative plating efficiency of the car-
cinogen treated cells. A theoretical line
" t " can be constructed based on the
assumed selection of pre-existing trans-
formed cells which are completely re-
sistant to the cytotoxic action of the
carcinogen. An example of this is shown
in Fig. 2, where for Experiment III, the
initial transformation rate of 07 0% ob-
served at 100 00 plating efficiency (repre-
senting pre-existing transformed cells)
has been used. It can be seen that at
50 % plating efficiency the transformation
rate would become 1.400 even if no de
novo transformation is induced by the
carcinogen. If the experimental results
lie on or below the " t " line, the possi-
bility of selection of pre-existing trans-
formed cells cannot be excluded. How-
ever, if the data lie above the " t " line
(as in our results), the transformation
cannot be explained by selection only
and must be due to chemical induction.
From such graphs it is possible to compare
different chemical carcinogens and their
metabolites for their transforming abilities
at equitoxic levels. This is especially
important since there are considerable
variations in the cvtotoxicities of different
metabolites, at similar concentrations.
It is clear from Fig. 2 that there is a
correlation between the cytotoxicity and
transformation rate induced by DMBA
although individual metabolites of DMBA
may differ in their relative capacities
for transformation and toxicity.
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